The variability of mast cell density within and between leprosy skin lesions was examined as a basis for future studies, and whether the number of mast cells in the lesion was determined by local or systemic factors was evaluated. The mast cell density in the granuloma, skin appendages, and intervening dermis was assessed by counting mast cells in glycol methacylate sections stained with Giemsa stain and relating these counts to area measurements obtained by planimetry. In biopsy specimens taken from the edge of established lesions the density of mast cells within the granulomata was considerably higher than that in the intervening dermis and was comparable with that found in the appendages. No major differences in mast cell density were found between unaffected skin and the centre or edge of individual lesions. Mast cell densities in biopsy specimens from the edge of different lesions on the same patient were also similar, suggesting that the mast cell density within the granulomata is independent of the site of the lesion and is determined systemically. It has long been known that mast cells are intimately concerned with the production of oedema, one ofthe features ofreversal reaction. Their possible role in the pathogenesis of such reactions was investigated by Chowdhury and Ghosh,5 who found a lower density ofmast cells in tuberculoid lesions in reaction compared with non-reactive tuberculoid lesions. There is also some evidence of mast cell degranulation in erythema nodosum leprosum (ENL, type II leprosy reactions).9 O The aim of this investigation was to examine the variability of mast cell density within and between leprosy skin lesions as a basis for future studies, and to ascertain whether the number of mast cells in the lesion is determined by local or systemic factors.
The skin lesions of leprosy contain many if not all of the cell types which occur in normal skin, in addition to those which migrate into the lesions from peripheral blood as part of the granulomatous process. The contribution of cells normally present in the dermis to granuloma formation and progression is uncertain.
Mast cells have received little attention in leprosy recently, but evidence linking them with the development of delayed hypersensitivity reactions' raises the possibility that they might be of some importance in leprosy lesions. Mast cells are heterogeneous with respect to their morphology, biochemistry, and function.2" The differences between them appear to depend on the tissue and species from which they are derived, so that is is not possible to apply the results of studies of mast cell distribution or function in one site or animal to another with any certainty.
Type 1 reversal reactions are thought to reflect increased delayed hypersensitivity to Mycobacterium leprae and account for much of the nerve damage which occurs in borderline leprosy patients.5 Clinically there is inflammation of both skin lesions and affected nerves, with pain, swelling, and tendemess on palpation.6 Histologically, intercellular oedema is prominent, there is an influx of lymphocytes, fibroblast proliferation is evident, and giant cell formation occurs. 7 Patients of the same classification on the Ridley-Jopling scale vary in their susceptibility to reversal reactions.
It has long been known that mast cells are intimately concerned with the production of oedema, one ofthe features ofreversal reaction. Their possible role in the pathogenesis of such reactions was investigated by Chowdhury and Ghosh,5 who found a lower density ofmast cells in tuberculoid lesions in reaction compared with non-reactive tuberculoid lesions. There is also some evidence of mast cell degranulation in erythema nodosum leprosum (ENL, type II leprosy reactions).9 O The aim of this investigation was to examine the variability of mast cell density within and between leprosy skin lesions as a basis for future studies, and to ascertain whether the number of mast cells in the lesion is determined by local or systemic factors.
Three methods of staining mast cells are currently in use: (a) metachromatic staining of their granules"; (b) histochemical demonstration of enzymes12; and (c) immunoperoxidase staining using monoclonal antibodies.'"" As methods (b) and (c) both require frozen sections metachromatic staining was the only option available for this study. The method developed by Vogt et al" using glycol methacrylate sections stained with Giemsa stain was chosen for this study because it combined the excellent morphological detail of plastic embedding with a reliable method of showing the presence of metachromatic granules.
Methods
Two groups of 4 mm skin punch biopsy specimens were obtained under local anaesthesia with 10O lignocaine from patients with leprosy in India and Bangladesh. All The dermal area and the areas of the section occupied by granuloma and by skin appendages (sebaceous glands, sweat glands, and hair follicles) were measured by planimetry.'6 Mast cell counts were performed on non-overlapping fields at x 400 magnification by scanning the whole section using a 25 square eyepiece grid. To avoid overestimation of mast cell density cells were counted only if part of the nucleus could be seen, and anucleate fragments were ignored. Mast cell counts were expressed for each component (dermis, granuloma, and appendage) as cells per mm.2 The results for paucibacillary and multibacillary cases were compared using the Mann-Whitney U test for non-parametric data. As lesion selection may have occurred when taking biopsy specimens from different lesions (biopsy series 2) the results in this group were randomised before the relation between mast cell densities in individual patients was assessed by linear regression analysis.
Results
The appearance of the mast cells in leprosy lesions is very variable. Several morphologically distinct variants were present: "active mast cells" with large ovoid nuclei, prominent nucleoli, and extensive cytoplasm with many granules; "fusiform mast cells" with elongated dark-staining fusiform nuclei and little cytoplasm; and "resting mast cells" with small dark nuclei, scanty cytoplasm, and few granules. These cell types were most commonly found in inflammatory foci (fig 1) , applied to sebaceous or sweat glands (fig 2) , and in the unaffected dermis (fig 2) , respectively.
There were too many cells of intermediate morphology, however, to allow these types of mast cell to be differentiated and counted separately on morphological grounds alone.
BIOPSY SERIES 1
The average mast cell density in biopsy specimens from unaffected skin was 17 6 per mm2. Specimens taken from the centre of the lesion had an average of 18 7 mast cells per mm2, while at the edge of the lesion the average mast cell density was 19 5 per mm2. There was no significant difference between the densities in either of these sites, suggesting that the total number of mast cells in the skin does not change greatly within the lesion and is similar to that in normal skin. When the component mast cell densities from different sites in the same lesion (granuloma, appendages, and intervening dermis) were compared in each biopsy specimen there was no discernible pattern in either paucibacillary or multibacillary patients. :n mast from the edge of the lesion in biopsy series 1 ication, (table 2) . In those from the edge of the lesion Ls from the density of mast cells was greatest in the immed granulomata (average density = 99-7 per those mm2), but large numbers were also found around skin appendages (average density = 72 8 per mm2). In the intervening dermal connective tissue mast cells were uncommon (average density = 9 6 per mm2) and were usually of "resting" morphology. There was no significant difference between the overall mast cell densities in biopsỹ specimens from the edge of paucibacillary or multibacillary patients ( Interleukin 3 (IL-3) production by T lymphocyte is implicated in mast cell precursor maturation and that T lymphocytes may promote mast cell division and that other mediators cause mast cell degranulation which is not IgE dependent."'
In leprosy mast cells were first investigated by Sen Gupta and Ghosh, who published their observation that mast cell granules could be stained by acid fast methods such as the FiteFaraco method.'9 Using toluidine blue stained paraffin wax sections, Chowdhury and Ghosh showed that the density of mast cells within tuberculoid lesions was lower if the lesions were in reaction. 8 They noted that these observations mirrored the histamine content of non-reactional lesions and those in reaction.
Mast cells which have partially degranulated, however, possess few remaining granules420 and may be missed in paraffin wax sections stained with toluidine blue. Their results probably indicate widespread degranulation of mast cells in reactions. The presence of oedema may also be important as this would increase dermal volume and result in an apparent decrease in mast cell density. A similar increase in dermal volume in multibacillary patients is likely to be the cause of the lower granuloma mast cell density in these patients compared with paucibacillary patients.
Mast cells are a heterogeneous population of cells. In different tissues they exhibit very different biochemistry and show functional differences.24 In the biopsy specimens examined here they exhibited a wide range of morphological types which seemed to be common in different sites. Although total mast cell degranulation occurs in vitro, mast cell activation in tissues is thought to provoke partial degranulation and continuous production of various inflammatory mediators, including prostaglandins and histamine.34 Their functional activity in the lesion may well be more important than their overall number, and further studies of mast cell morphology in leprosy lesions using both light and electron microscopy would be worthwhile.
The quantitative data show that in biopsy specimens from the edge and centre of leprosy lesions and outside the lesion, the total number of mast cells present does not change significantly. Although it was not possible to compare the results of this study with those from normal subjects, the mast cell density in clinically unaffected skin was found to be 17-6 per mm2, a figure comparable with the mast cell density found in normal skin by other workers, 7 22 if allowances were made for methodological differences. The average number of mast cells at the centre and the edge of the lesion is apparently slightly smaller than it is outside the lesion, although this may reflect the loss of skin appendages at the centre of tuberculoid and borderline lesions. This suggests that the number of mast cells within leprosy granulomata is independent of the site of the lesion, and that the mast cell density within granulomata is mainly determined by the systemic response to infection by M leprae and not by local factors. The density of mast cells within the granulomata is considerably higher than that in the intervening dermis and is comparable with that found in the appendages. Several of the cases studied show much higher mast cell densities within their granulomata than average (fig 4) . In the absence of sequential studies of biopsy histology during treatment and reactions in leprosy the clinical importance of these differences is not clear, but the fact that such differences exist is of interest, and the results of the seminal study by Chowdhury and Ghosh8 suggest that differences in mast cell density might be related to a tendency to develop reactions. The hypothesis that those patients with higher granuloma mast cell densities might be susceptible to more damaging reversal reactions due to the release of mediators from the mast cells seems attractive and is worthy of further study.
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